NOTICE 


THIS DOCUMENT HAS BEEN REPRODUCED FROM 
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT 
CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED 
IN THE INTEREST OF MAKING AVAILABLE AS MUCH 
INFORMATION AS POSSIBLE 



KMS Fusion, Inc. 

3621 S. State 
Ann Arbor, Michigan 48106 


i § 


u 

O) 

■M C\J 

I £ 

CO 

+J 


i - (n 

Of o 

r— 
*— CO 
«0 CO 

i » 

Is s 


2 ' • 
p -3 ^ 

H T. -j ^ 

u r> •-» j 

*S O' n 

u* v— 

» * 

a , u 

< 0 o 

■B i -J 

3 W 

i ■* 

~3 * 


2( y S 

y tj « u 

I O w 3 
■3 Oi 

,J i to 3 a 

< CO 

a a ^ c* 

w H «- *N| 


r- « 
tu .a 

a> 

| « 

%n k 

- 5 

*— e 
(O u 

•c u 

i/> 

k 4J 


a u rj 

• 

to 3 «tj 

u 

a, 

to o * 

a» 

to * 

< o 

F 

e 

-o H 3 

8 

’5 "8 >h 

C 9 

3 r- 

k 

2 -* 3 
a c < 

£ 

> 0-8 0 

•Ol -H Cvi 

“O 

^ a W s: 

ai 

*- V 3 V 

ID 

■'C CO i. ~1 

Q. 

T a 

cu 

• 'O < 

k. 

ft 


fe <>> ll 
% *° # 




ABSTRACT Introduction 

A heat transfer model has been developed that mathe- In the current method of Micros he 11® target produc- 

matically describes the heating and calculates the thermal tion, uniform, hollow spherical glass shells are formed 
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a composite of two models: 

a) a particle displacement model that calculates 
as a function of time, the position of a gel 
particle in a drop furnace, and 

b) a heat transfer model that describes the rate 


of heat transfer from the furnace to the gel t = time 

particle. g = acceleration of gravity 

The GELSHEL code thus calculates the temperature of a gel p f = density of the furnace gas 
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v 9 = furnace temperature 

* = -12.5 ii^b (4) t = time 

w h ere = particle surface area 

U = particle velocity ^ — convective heat transfer coefficient 

S = particle displacement (distance of fall) 0 ” Stefan-Bol tzmanr constant 
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Table 2. Effect of Hass and Geometry on Particle Heating 
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for these simulations was obtained from a shell run for changes, emissivity changes, and geometry 

which the parameters were optimized. The parameters changes (cylinder to sphere) 

a) the mass, and consequently the dimensions of the d) the furnace gas 

were varied to determine the effect on time and drop 


distance required by the pellet to reach 1000°C. The re* the length or diameter (or both) of the cylindrical gel 
suits of these simulations are* briefly: pellet. For a cylinder* the volume increases propor- 

1) An increase in mass can decrease the particle tionately and linearly with length, and with the square 
heating rate rapidly. A four-fold increase in of the diameter. A variation in geometry can affect 


1 



« 5 « § 
£ 2 £ 8 
t 

g. * g. 


vt 




2 ® * ® 

** u F in 


f * - 

2 S % 


•I 

a 


-ill 

ii 



e 

VI 


k 

* 


T O 



0 Ot 0) 

01 VI VI 

VI IB (0 

co £ £ 

in u u 


_ i 
<p ai 

c £ 
10 4- 


Ol 

e 


<o 

01 


01 

z 


u 

10 

A 

k 

01 

4» 

VI 

IB 


VI 


VI 

£ 


<0 

'P» 

Tl 

01 

u 


k 

Si 


0) 

VI 

10 

£ 

u 

c 



VI 

.8 

0) 

JS 

*» 

VI 


01 

JE 


VI 

•F» 

k 

& 

5 

k 

*0 


i 




£ 

Ol 


VI 

10 

VI 

01 

VI 

Si 


*» 
_ B 
— 01 
*9 B 


VI 

s * 

»— B 
fl O 

01 

01 > 
JC 10 


2 

4-' 


£ i I 


VI 

B 

01 

TO 

VI 

<0 

e» 


ai X 
r- VO O 


£ 

10 


u 

10 


a vi 


01 01 
u a. 
(0 

B 0) 
k JS 


TJ 
O) B 
B 10 


U 
9 VI 


a vi 
B 01 

* -g 

r— 44 
0 4 

Bl % 

VI 

01 


E 


m 

CM 


OB 

B 

.8 

5 

01 

aj 

4-> 

O 

O 

■9 

!s 

P> 

£ 

tO 

•F 

& 

c/> 

44 

10 

B 

8 

44 

01 

t- 

2 

at 

x: 

ai 

</> 

k 

10 


O JO 

44 aJ 
10 ~ 
0> 


u 

•I- VI 
4- 9 

U £ 

& fc 

VI > 

2 £ 
I— 4J 


* 01 
VI P- 
■M U 

8 

4- k 

« Si 

VI >— 
VI 01 

g ei 
Ol a> 

*4 5 

§ 4- 
O 

m 

VI >> 
44 k 

u o 

01 44 

4- VI 
4- ■!“ 
01 JZ 

k 01 

§ 

1 « 


VI 

VI 

s 

01 

'u 

•p 

k 

& 


0) 

.C 

** *4 

£ £ c 

B 

g 


k 

0) 


»- B 

8 2 
VI 

a> b 
p— o 
u o 

•p* 

t* 

k I— 


VI 

B 

8 

B 

10 


f 

1 
1 

U *i P P 


3. s 

S £ S 

o 

k T> XI > 
fl U p> 

o. 44 a a> 

IB O JE 
01 f- JC 44 


s 

44 4? 

4 t 9 

»*4 O 

05 •— 

ft 


0) VI 

£ 
>1 O 


* s 


£ 

5 


5 


o 

£ . 

4 >| « 

■o 4 » T- 


VI VI 
•p* B 


VI 

VI 


CM 


CO 


44 

t) 

s 

b? 


4- 

■p 

•o 

< 


44 « g 

•p 

oi ai 

44 £ 

fO U 44 

£ — 

44 44 >, 

VI 10 IB 

*ip ia > 


drop-furnace heating Method is theoretically capable of 

Table 3 . Effect of Specific Heat on Pellet Heating - heating large pellets to the Melting temperature. A 

140 vgm pellet ( 8 M) requires only 0.48 secs and 37 cm of 
CPFAC 1 CPFAC 2 Time, sec 1 Distance, aw 1 distance to reach 1000 °C, the supposed gel-shell trans- 
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the gel passes from one temperature regime to the next. Temperature Suitckes 

Thus, to account for the changing chemical and physical The GELSHEL code has provisions for varying the 

nature of the gel, the specific heat factor (CPFAC) Is temperatures at which chemical or physical changes are 
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become significant for CPFAC = 2, but these are unreal Istl- exact temperature, or range of temperatures, over which 
cally high specific heat values. Thus, errors In assess- the specific heat of the gel Is reduced, will cause only 

Ing the specific heats of gels will affect the temperature modest errors In the temperature history of the gel. 

history of the gel only moderately. The temperature at which the pellet Is assumed to 

change. Instantaneously, Into a shell Is 1000*, and Is 


distance. This code run did not use the "standard" set 
Table 4 . Effect of T3^ of gel-shell data used for previous sets, and therefore 
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Figure 2. Effect of T2 


Table 6. Effect of T4 



on the falling particle. These physical pnHKrt.es 
for several gases (at 1000'C and 13WC) are g1«» 

Table 7 (p. 13). and the effects of the gases on particle 
heating are suanariied In Table 8 (p. 13). again as the 
drop time and distance required to bring the particle 


Table 7. Physical Properties of Some Gases at Selected Temperatures 
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drop time and distance to heat the pellet to 1000°C 
total time spent in the furnace 


Experimental Pelletization 

Gel and Shell Characterization In the heat transfer model* a right-cylindrical gel 

The GELSHEL model was designed for maximum flexibility geometry was used to model the real gel powder, which has 

and usefulness, and thus requires as input data a number an irregular geometry, a highly variable surface area, and 
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mean were generally less than 10% and are due to variations correlations. 

In the particle packing efficiency of the powder fill When the shells were formed In dry air, regardless 

step rather than abrasion or fragmentation of the resulting of the furnace temperature the observed mass loss Is 

pellet. Presumably the efficiency and repeatability In the similar to that observed by TGA (Table 11, p. 17). If 
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Table 10 (p. IB), and reflect the uncertainty In the generating accurate data of specific heat of pellets for 

weighings (+_ 5%) as well as the actual mass loss varla- various temperatures, 

tlons. Analysis of these data Indicated that statistical 

batch determinations of gel pellet and shell masses gave Effect of Pelletisation on shell Formation 

the same results statistically as the individual The effects of gel pelletization on shell formation 


Table 10. Pellet-to-Shell Mass Correlations 
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Table 11. Pellet Mass Loss in Shell Runs 
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The modification of glass properties by water vapor is Model Verification 
a complexity that we cannot describe yet. Therefore for Further experiments were necessary to verify the 

simplicity in developing a set of standard input data cor- validity of the model since it is based on several 
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distribution of the product. In general, pellets from zoned temperature profile was sufficient to transform the 

hydrolyzed gel did yield a product of lower carbon con- pellet to a black, opaque but hollow spheroid. As shown 

tent, but were also of poorer uniformity, lower avt age in Figure 3, this profile consisted of an Initial 

diameter and wider size distribution. temperature gradient of only 7.1 cm, and a hot zone length 

v. th only 70.8 cm at or above 1000°C; the maximum 


1200 



Fiaure 3. Zoned Furnace Experiment- Furnace Temperature Profile and 
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in ground based experiments at MSFC levitating gel and 
shells while heating. Preliminary experiments at HSFC 
look very promising and we will work closely with them to 
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increase. 

5) Verification of the model predictions for the 
effects of various furnace gases, such as 
helium, argon, C0-, and possibly water vapor. 


Figure 6. Proposed Plans for 1980 - 1981 
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